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wherein: 



the term "NB coupler" represents a coupler of fonnula (I) that forms a dye for which the left bandwidth (LBW) using 
spin-coating is at least 5nm less than that of the same dye In solution fbnn; 

Y is H or a ooupHng-off group; 

each Z" and Z* Is an independently selected substltuent group where n Is 1 to 4 and p is 0 to 2; 
represents the atoms necessary to complete a carbocyclic or heterocyclic ring group; and 

V Is a sulfone or sulfoxide containing group; 

provided that the combined sum of the aliphatic carbon atoms In V, all Z" and all Z* is at least 8; 

provided further that there is one and only one Z" substltuent ortho to the carbonamido group linking the ring 

to the rest of the coupler; and 

provided still further that when fonms a carbocyclic aromatic ring, at least one Z" Is selected from the group 
consisting of allcyl, alkoxy, hydroxy, aiyl, aryl xy, oxycart>onyl, oxysutfonyt, sulfoxide, sulfamoyi, thio, carbamoyl, 
cartx>xy, carbonamido, ureido. cyano, nitro, and halogen groups. The lernent exhblte improved cyan dye hue. 
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Description 

[0001] This Invention relates to a silver halide photographic element containing a phenolic cyan dye-foniiing coupler 
bearing a substituted carbonamido group in the 2-po8ltlon and a carbonamldo group in the S-posltlon containing a 
5 sulfonyt group. 

[0002] In silver halide based color photography; a typical photographic element contains muftiple layers of light- 
sensitive photographic silver halide emulsions coated on a support with one or more of these layers being spectrally 
sensitized to each of blue light, green light and red light. The blue, green, and red light-sensitive layers typically conteUn 
yellow, magenta, and cyan dye-forming couplers, respectively. After exposure to light, color development is accom- 
io plished by Immersing the exposed material In an aqueous alkali solution containing an aromatic primary amine color- 
developing agent. The dye-fonning couplers are selected so as to react with the oxidized color developing agent to 
provide yellow, magenta and cyan dyes In the so called subtractive color process to reproduce their complementary 
colors, blue, green and red as in the original image. 

[0003] The importantfeaturesfbrselectingthedye^oniiingooupler include, efficientreaction with oxldtzedcolor developing 

19 agent, thus minimizing the necessary amounts of coupler and silver halide in the photographic element; the formation of 
dyes Witt) hues appropriate for ttie photographic use of interest, for color photographic paper applications this requires that 
dyes have low unwanted side absorption leading to good color r^roduction in the photographic print; minimization of image 
dye loss contributing to Improved image pemianence under both ambient Olumlnation and conventional storage conditions; 
and in addition the selected dye-fomning coupler must exhibit good solubility In coupler solvents, provide good dispersibllity 

20 In gelatin and remain stable during handling and man^ulation for maximum efFidency In manufacturing processes. 
[0004] In recent years, a great deal of study has been conducted to Improve (^e-fonnlng couplers for silver halide 
photosensitive materials in terms of improved color reproducibility and image dye stability. However, further improve- 
ments are needed, particularly in the area of cyan couplers, in general, cyan dyes are fonned from naphthols and 
phenols as described, for example, in U.S. Patents 2,367,351 , 2,423,730, 2,474,203, 2,772.1 61 , 2.772.1 62.2,895.826, 

as 2,920.961. 3.002«836, 3.466,622, 3.476,563. 3,552,962. 3,758.308. 3,779.763. 3,839,044, 3,880,661, 3.998.642. 
4.333,999, 4,990,436, 4,960,685, and 5,476,757; In French patents 1,478,188 and 1,479,043; and in British patent 
2,070,000. These types of couplers can be used either by being incorporated in the photographic silver halide emulsion 
layers or extemally in the processing baths. In the fomner case the couplers must have ballast sul3stituents built Into 
the molecule to prevent the couplers from migrating from one layer into another. Although these couplers have been 

30 used extensively in color photographic film and paper products, the dyes derived from them still suffer from poor stability 
to heat, humidi^ or light, low coupling efficiency or optical density, and In particular from undesirable blue and green 
absorptions which cause considerable reduction In color reproduction and color saturation. 

[0005] Cyan couplers which have been recently proposed to overcome some of ttiese problems are 2.5-diacylaminophe- 
nols containing a sulfone, sulfonamido or sulfate moiety in the ballasts at the 5-posltion, as disclosed In U.S. Patents 

as 4,609.619. 4,775,616. 4,849.326, 5.008.160, 5.045,442. and 5.183.729; and Japanese patent applications JP02035450 
>^ JP01253742 A2, JP041 63448 A2. JP04212152 A2, and JP0K04110 A2. Even though cyan Image dyes fomiedfrom 
these couplere allege in various instances Improved stability to heat and hurnkltty, enhanced optical densl^ and resistance 
to reduction by ferrous ions In the bleach bath, tiie dye absorption maxima (X„m]^ are too k>atiiochromi(»ny shifted (that 
Is, shifted to ttie rad end of the visible spectrum) and the absorption spectra are too broad wittt considerable amounts of 

40 undesirable blue and green absorptions and often lade sufficient stability toward light fading. Thus, these couplers are not 
acceptable for direct view materials such as reversal transparencies or color paper and print applications. 
[0006] The hue of a dye is a function of both the shape and the position of its spectral absorption tMind. Traditionally, 
the cyan dyes used in color photographic papere have had nearly symmetrical absorption bands centered in the region 
of 620 to 680 nm. typically 630 to 660 nm. Such dyes have rather large amounts of unwanted absorption In the green 

45 and blue regions of the spectrum. 

[0007] More desirable would t>e a dye whose absorption band is asymmetrical in nature and biased towards the 
green region, ttiat Is. witii a steep slope on the short wavelengtii side. The hatf-bandwktth on tiie short side of ttie 
cunre. also called the 1^ bandwidtti or LBW. Is desirably nanrowed Such a dye would suitably peak at a shorter 
wavelength than a dye witii symmetrical absorption band, but the exact position of tiie desired peak depends on several 

80 factors including tiie degree of asymmetry and the shapes and positions of the absorption bands of the magenta and 
yellow dyes with which it is associated. 

[0008] Recentiy, Lau et al., In U.S. 5,686,235. describe a particular class of cyan dye-forming coupler tinat has been 
shown to Improve thermal stability and hue, partteularly, with decreased absorption In side bands and an absorptiori 
band that Is asymmetrical in nature. The couplers disclosed as suitable contain a sulfone group bonded to the 2- 
ss position of an acetamldo group at the 5-posltlon of the phenolic ring and contain a phenylcarbonamldo group In the 
2-posltion off the phenolic ring. Ottier related patents are U.S. Patents 5,047,314, 5.047,315, 5,057,408. and 5,1 62,1 97. 
[0009] Although tiie coupl r of Lau et al. provid s an advantageous spectra. It is d sirabie to discov r alternative 
ph n lie structures tiiat will accomplish the same result and that may provide ther desirable f atures. Chemical var- 
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lations may enable advances in the ability to better seiect the desired curve shape and wavelength of maxlnium ab- 
sorption and other properties such as coupler and dye light and dark stability; reactivfty. 

[0010] Japanese published application 59-111 ,645 suggests certain phenolic couplers having an a-eulfbnyl substituent 
In a 5-carbonamido sut>stftuent thatfbnns a dye having a maximum absorption at "about 660 nnrf with exan^les of 657-660 
5 nm. it appears that the spectral curve of the disclosed dyes exhibit the usual broad absorption band but that the curve has 
been shifted to the long wavelength side in order to reduce the unwanted absorption on the short wavelength side. The 
disclosed compounds do not provide the desired narrow and shorter wavelength of max^tim absorption. 
[0011] The problem to be sofved is to provide a photographic element compoundi and process, employing an al- 
ternative cyan dye-forming phenolic coupler which fonrts a dye having a narrow LBW and corresponding lower un- 
wanted side absorptions. 

[001 2] The Invention provides a photographic element comprising a light-sensitive silver halide emulsion layer having 
associated therewith a cyan 'NB couplet" having the fomnula (I): 
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wherein: 

the term "NB coupler" represents a coupler of fomnula (I) thai forma a dye for which the left bandwidth (LBW) 
using spin-coating Is at least 5nm less than thm of the sanrie dye in solution fbnrn^^ 

Y is H or a coupling-off group; 

each Z" and Z* Is an independently selected substltuent group where n is 1 to 4 and p is 0 to 2; 
rspresents the atoms necessary to complete a cart)ocyclic or heterocyclic ring group; arid 

V Is a sulfone or sulfoxide containing group; 

provided that tfie combined sum of the aliphatic carbon etonrn In V, all Z" and all Z* Is at least 8; 
provided further that there is one and only one Z" substltuent ortho to the cart>onamido group linldng the ring 
to the rest of the ooupier, and 

provided still further that when fonns a carbocycllc aromatic ring, at least one Z" is selected from the group 
consisting of alkyi, alkoxy, hydroxy, aryl, aryloxy, oxycarbonyl, oxysulfonyl, sulfoxide, sulfamoyt, thio, carban)oyl, 
carbbxy, cart>onamklo, ureldo. cyano, nitro, and halogen groups. 

[001 3] The Invention also provides a coupler of fonnufa (I) and an imaging process employing the element. TTte cyan 
dye formed In the element useful In the invention exhibits an advantageous dye hue In having a reduced level of 
unwanted absorption on the short wavelength side of the spectrum. 

[0014] The Invention may be generally described as summarized above. The coupler is an 'NB coupler" which Is a 
45 nanrow bandwidth coupler of formula (i) having substituents so that there is a reduction in left bandwidth in spin-coating 
fornn va. solution form of at least 5 nm. In accordance with the procedure, a dye is formed by combining the coupler 
and the devetoper 4-emlno-3-methyl-N-ethyt-N-(2-methane8Ulfonamidoethyl) aniline aesquisulfate hydrate. If the left 
bandwidth (LBW) of tta absorptton spectra upon "spin coating" of a 3% w/v solution of the dye In dl-n-butyi sebacate 
sohfent is at least 5 nm. less than the LBW for a solution of the same dye in acetonitrlle, then the coupler Is an "NB 
30 Coupler". The I3W of the spectral curve for a dye Is the distance between the left side of the spectral curve and the 
wavelength of maximum absorption measured at a density of half the maximum. 

[0015] The "spin coating" sample is prepared by first preparing a solution of the dye in dl-n-butyi sebacate solvent 
(3% w/v). If the dye is insoluble, dissolution is achieved by the addition of methylene chloride. The solution is filtered 
and 0.1 - 0.2 ml is applied to a clear potyethylene terephthalate support (approximately 4 cm x 4 cm) and spun at 4,000 
33 RRM using the Spin Coating equipment. Model No. EC101 , available from i-ieadway Research Inc., Garland TX. The 
transmission spectra of the so prepared dye samples are then recorded. 

[001 6] Preferred "NB couplers" fonm a dye which has a LBW of the absorption spectra upon "spin coating" a sample 
ofth dy In di-n-butyl 6 bacate which is at I ast 15 nm, pre! rabty at least 25 nm, less than that of the same dye In 
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ac tonltille solution. 



[OOIT] The foil wing limitations apply to fomiulae (0, (11) and (III) as approprime: 

V represents a group comprising a suifone or sulfoxide group. Preferably the group comprises a suifone group 
and most pref erably-an aromatic suifone group such as a phenyisulfone group. 

Y is H or a coupllng-off group. Coupling-off groups are more fully described hereinafter. Typically, Y Is H. halogen 
such as chloro, phenoxy, or alkoxy. 

L Is any Unking group suitable for connecting the carbonamkto group to the sulfur atom of V. It may, for exannple, 
represent a substituted or unsubstltuted alkyi or aromatic group and may Include a heteroatom, cmd It may comprise 
a combination of the foregoing. 

and R2 are independently H or an alkyt group of 1 to 5 carbon atoms. Other groups and alkyI groups of longer 
chain length diminish the hue advantage. Desirably, one of Rt and R2 is hydrogen and the other Is an alkyI group 
such as ethyl. Both may be hydrogen or both may be alkyi. it is also possible that the employed all^ group Is 
substituted to provide, for example, a perfluorlnated substltuent. 

Each Z*, Z*, and Is an independently selected substltuent group where m is 0 to 4, n is at least 1 , and p Is 0 to 
2. Suitable substltuent groups are more fully described hereinafter, lypfeaily p Is 0. Z, Z" and Z* may be any 
suk}stltuent and, for example, may be Independently selected from acyt, acyioxy, alkenyl, alkyI, alkoxy, aryl, aryloxy, 
carbamoyl, carbonamldo, carboxy, cyanp, halogen, heterocyclic, hydroxy, nitro. oxycart)onyl, oxysulfonyl, sulfa- 
moyt, sutfonamldo, sutfonyl, sulfoxide, thio. and ureido groups. Convenient substltuents are alkyI, alkoxy, sulfonyl, 
sulfamoyi, nItro, and halogen groups. The total combined sum of the aliphatic carbon atoms in R|, R2, afl Z, all Z" 
and all Z* groups Is at least 6. Except as provided t>elovir, each Z" may be any sut>stttuent, and the sum of the 
aliphatic carbons in all Z" substltuents combined Is at least 6. When both and form cart>ocyclic aromatic 
rings, at least one Z" is selected, from the group consisting of aikyl, alkoxy, aryl, aiytoxy, carbonamldo, cyano, 
halogen, hydroxy, nitro, oxysulfonyl, sulfoxkie, thIo, and ureido groups. 

and independently represent the atoms necessary to form a carbocyclk: or heterocyclic ring group. Exam^ 
pies of suitable carbocycik: rings include cyciohexyl, phenyl and naphthyl with phenyl rings being most conveniently 
used. Suitable heterocyclic rings include those containing 5 or 6 ring members and at least one ring heteroatom. 
Heterocycies useful herein nnay be aromatic or non-aromatic and contain at least one atom of oxygen, nitrogen, 
. sulfur, selenium, or tellurium. They can be fused with a cart>ocycllc ring or with another heterocyde. They can be , 
attadhed to the coupler through any of the possible points of attachment on the heterocyde. It should be realized 
that multiple points of attachment are possible giving rise to alternative isomers for a single heterocyde. Examples 
of useful heterocyclic groups are benzimidazolyl, benzoselenazolyl, benzothlazolyl, benzoxazolyl, chromonyl,furyl, 
imidazolyl. indazoiyl, indolyl, isoqulnolyl, isothiazolyl, IsoxazoiyI, morphollnyl, oxadiazolyl, oxazolyl, pkx)linyl, pip- 
eridlnyl, purinyl, pyradazlnyl, pyranyl, pyrazlnyl, pyrazoiyi, pyridyl, pyrimldinyl, pynroiyl, pynnolldlnyl. qulnaldlnyl, 
quinazoKnyl, quinolyl, quinoxaiinyl, selenazoyl, teiiurazoiyi, tetrazolyl, tetrahydrofuryl, thiadlazolyl, thiamorpholinyt, 
thiatriazolyl, thiazolyl, thienyl, thiophenyl, and triazolyl groups. 

[OOiq In one embodiment the coupler is represented by fomiuia (li): 




<n) 



wherein: 



Lis a linking group; 
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btsi or2; 

Y is H or a coupfing-off group; 

each Z* is an independently selected substituent group where m Is 0 to 4; 

represents the atonns necessary to complete a heterocyclic or carbocydlc ring group; 
5 provided that the combined sum of the aliphatic carbon atoms in L, all Z, all Z" and ail Z* is at least 8. 

[0019] In another embodiment, the coupter Is represented by formula (III): 




and R2 are Independently H or an atkyl group of 1 to 5 carbon atoms; 
provided that the combined sum of the aliphatic carbon atoms in R|, R2, all all Z" and all Z* Is at least 8. 

[0020] Examples of suitable hetero^les are those based on a benzlmidazole, banzotriazote, furan, imidazole, Inda- 
90 zole, Indole, Isoqulnollne, purine, pyrazoie, pyridine, pyrimldtne, pyrrole, quinollne, thlophene, 1 ,2,3trtazole, or 1 ,2,44ri- 
azole ring group. Conveniently useful are the nttrogenoontalnlng rings such as pyridine with the nitrogen bi the 2-, S-, 
or 4- position, as well as the various pyrimidlne or pyrazoie alternatives, as shown In the following coupler formulas. 
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[0022] TTie overall coupler exhibits a desirable hydrophobicity when the sum of the alfphatic carbon atonns in R^, R21 
each Z, each Z" and each Z* is at least 8. lyplcalty, and R2 contain only a few, If any, aliphatic cark>on atoms and 
the rest of the aliphatic carbon atoms are located in Z* and/or Z". Often, the Z* or Z" group beare an aliphatic carbon 
number of 12 or more with 16 or 1 6 being not unconrunon. 
[0023] The following are examples of couplets useful in the Invention. 
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[0024] The couplers useful tn the Invention are those that are capable of f omriing dyes with the developer 4-amlno- 

3*methyl-N-ethyl-N-(2methanesulfonamidoethyl) aniline sesqulsutfate hydrate which dyes have an LBW"tn film" that 
is less than 70 nm. and preferably less than 60 nm. The wavelength of maximum absorption is suitably less than 650 
nm. and is typically less than 640 nm. 

[0025] Unless otherwise specifically stated, use of the term "substituted" or "substltuent" means any group or atom 
other than hydrogen. Additionally, when the temri "group" Is used, it means that when a substltuent group contains a 
substltutable hydrogen, It is also intended to encompass not only the substltuent* s unsubstituted form, but also its form 
further substituted wrth any substftuent group or groups as herein mentioned, so long as the substltuent does not destroy 
properties necessary for photographic utlll^. Suitably, a substltuent group may be halogen or may be t>onded to the 
remainder of the molecule by an atom of carbon, silicon, oxygen, nitrogen, phosphorous, or sulfur. The sut)stituent nnay 
be, for example, halogen, such as chlorine, bromine or fluorine; nitro; hydroxyl; cyano; cartwxyi; or groups which may be 
further substituted, such as all^, including straight or branched chain or cyclical!^, such as metliyl. trtfluoromethyl, ethyl, 
f-butyl, 3-(2,4-di-t-pentylphenoxy) propyl, and tetradecyl; alkenyl, such as ethylene, 2-butene; alkoxy, such as methoxy, 
ethoxy, propoxy, butoxy, 2-methoxyethoxy, sec-butoxy, hexyloxy, 2-ethylhexyloxy, tetradecyloxy, 2-(2,4-di-H:>entyiphe- 
noxy)ethoxy, and 2-dodecyloxyethoxy; aryl such as phenyl, 4-t-butylphenyl, 2,4,6-trlmethyIphenyl, naphthyl; aryloxy, such 
as phenoxy, 2'methylphenoxy, alpha- or beta-naphthyloxy, and 4-totytoxy; catbonamido, such as acetamldo, benzamido, 
butyramldo, tetradecanamldo, alpha-(2,4-di-f-pentylphenoxy)acetamldo, alpha-(2,4-di-f-pentylphenoxy)butyramido, al- 
pha-(3-pentadecylphenoxy)-hexanamido, alpha-(4-hydroxy-a-f-butylphenoxy)tetradecananntaio, 2-oxo-pynnolidln-1 -yl, 
2-oxo-&-tetradecylpyrroiin-1-y1, N-methyltetradecanamido, N-suoclnlmido, N-phthalimldo, 2,5-dloxo-1-oxazoiklinyl, Snio- 
decyl-2,5-dloxo-1-lmidazoiyl, and N-ac«tyl-N-dodecylamino, ethoxycarbonyiamino, phenoxycarbonylamino, benzyloxy- 
cartmnylamlno, hexadecyibxycarbonylamino, 2,4-di-t-butylphenoxycait)onylamino, phenylcarbonylamfno, 2,5-(dl-f- 
pentyIphenyl)carbonylamlno, p-dodecylphenylcart>onylamlno, p-tclyteaibonylamlno, N-methylureldo, N,N-dimethylurBl- 
do, N-methyl-N-dodecylureldo, N-hexadecylureido, N,N-dioctadecylureido, N.N-dioctyl-N'-ethylureido, N-phenylurekio, N, 
N-dlphenylureido, N-phenyl-N-p-tolylureldo, N-(m-hexadecyIphenyl)ureldo, N.N-{2,5-di-f-pentylpheny!)-N'-ethylurBldo, 
and r-butylcarbonamldo; sulfonamide, such as methylsulfonamido, benzenesulfonamido, p-tolylsuifonamido, p-dodecyl- 
benzenesulfonamldo, N-methyltetradecylsulfonamldo, N,N-dipropylsulfamoylamlno, and hexadecylsutfonamldo; sulfa- 
moyl, such as N«methylsulfamoyi, N-ethylsulfamoyI, N,N-dipropylsulfampyl, N-hexadecyisulfamoyI, N,N-dimethyl8uKa- 
moyi; N-p-(dodecyloxy)propyl]8ulfamoyl, N-[4-(2,4-di-f-pentylphenoxy)butyl]sulfamoyl, Nnrnelhyl-N-tetradecylsulfamoyl, 
and N-dodecylsulfamoyI; carbamoyl, such as N-methylcart>amoyl, N,N-dlbutylcarbamoyl, N-octadecylcarfoamoyI, N-[4* 
(2,4-dl-f-pentylphenoxy}butyl]carbamoyl, N-methyl-N-tetradecyicarbamoyl. and N,N-dloctylcart)amoyl; acyl, such as 
acetyl, (2,4-dM-amylphenoxy)acetyl, phenoxycarbonyl, p-dodecyloxyphenoxycart>ony1 methoxycarbonyl, butoxycartx)- 
nyl, tetrBdecyloxycark>onyi, ethoxycarbonyl, benzyloxycarbonyi, 3-pentadecy]oxycartx)nyl, and dodecyloxycartx)nyl; sul- 
fonyl, such as methoxysulfonyl, octyloxysulfonyl, tetradecyloxysulfonyl, 2-ethylhexytoxysulfonyt, phenoxysulfonyl, 2,4-di- 
^pentylphenoxysulfonyl, methylsulfonyl, octylsulfonyl, 2-ethylhexylsuffonyl, dodecytsulfonyl, hexadecyteuffonyl, phenyl- 
sulfonyl, 4-nonylphenylsulfonyt, and />tolylsulfonyl; sulfonyloxy, such as dodecylsutfonyloxy, and hexadecylsulfonyloxy; 
sulfln^, such as methylsulflnyl. octylsulflnyl, 2-ethylh xylsulfinyi, dodecylsuifinyl, hexadecylsuifinyl, ph nylsulflnyl, 4-no- 
nylphenylsutfinyl,andp-t lyisulfinyt; thio, such as ethytthio, octylthio, b nzylthk>,tetrBdecytthio,2-(2,4-di-fp ntylph n xy) 
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thytthio. phenytthio, 2-butoxy-64-octylphenylthlo, and p-tolylthio; acytoxy, such as ecetyloxy, benzoyloxy, octadecanoy- 
toxy, p-dodecylamidobenzoyloxy, N-phenylcarbamoyloxy, N-ethyicarfoamoyloxy, and cyclohexylcarfoonyloxy; amine, such 
as phenylanllino, 2-chloroanlllno, diethylamlne. dodecylamine; Imino, such as 1-(N-phenyllmido)ethyl, N-suodnlmido or 
3-benzy{hydantoinyl; phosphate, such as dimethylphosphate and ethylbutylphosphate; phosphtte, such as diethyl and 
5 dihexylphosphlte; a heterocyclic group, a heterocyclic oxy group or a heterocyclic thio group, each of which niay be sub- 
stituted and which contain a 3 to 7 mennbered heterocyclic ring composed of cartx)n atoms and at least one hetero atom 
selected from the group consisting of oxygen, nitrogen and sulfur, such as 2-furyl, 2-thlenyl, 2-benzimldazolytoxy or 2-ben- 
zothlazolyl; quaternary ammonium, such as trlethylammonlum; and silyloxy, such as trimethylsllytoxy. 
[00261 If desired, the substltuents may themselves be further substituted one or more times with the described eub- 

to stftuent groups. The particular substltuents used may be selected by those skilled in the art to attain the desired pho* 
tographic properties for a specific application and can include, for example, hydrophobic groups, solubilizing groups, 
bioctdng groups, and releasing or releasable groups. When a molecule may have two or more substltuents, the 8Ut>- 
stituents may be Joined together to fomn a ring such as a fused ring unless otherwise provided. Generallyi the above 
groups and substltuents thereof may include those having up to 48 carbon atoms, typically 1 to 36 carbon atoms and 

f5 usually less than 24 carbon atoms, but greater numbers are possible depending on the particular substltuents selected. 
[0027] The materials useful in the invention can be used in any of the ways and in any of the combinations known 
In the art. Typically, the Inventton materials are Incorporated In a melt and coated as a layer described herein on a 
support to fonfn part of a photograph^ element When the tenn "associated" Is employed, It signifies that a reactive 
compound Is In or adjacent to a specified layer where, during processing, it is capable of reacting with other componente. 

20 [0028] To control the migration of various components, It may be desirable to Include a high molecular weight hy- 
drophobe or "ballasr group In coupler molecules. Representative ballast groups Irtclude sut)stituted or unsubstltuted 
alkyl or aiyl groups containing 8 to 48 caiton atoms. Representative substltuents on such groups include alkyi, aryl, 
alkoxy, aryfoxy, alkylthlo, hydroxy, halogen, alkoxycarbonyl, aryloxcarbonyl, cart)oxy, acyf, acyk>xy, amino, anilino, car- 
bonamldo, carbamoyl, alkylsuifonyl, arylsulfonyl, sulfonamide, and sulfamoyi groups wherein the 8ut>8tltuentB typteaiiy 

25 contain 1 to 42 carbon atoms. Such substltuents can also be further substituted. 

[0029] The photographk: elements can be single color elements or muitiookMr elements. Multkx>lor elennents contain 
bnage dye-fbnning units sensitive to each of the three primary regions of the spectrum. Each unit can comprise a single 
emulston layer or multiple emulsion layers sensitive to a ghren region of the spectrum. The layers of the element, including 
the layers of the image-forming units, can be arranged in various orders as known In the art In an alternative fonmat, the 

90 emulsions sensitive to each of the three primary regions of the spectrum can be disposed as a single segmented layer. 
[0030] A typical multicolor photographic element comprises a support bearing a cyan dye Image-fonming unit com- 
prised of at least one red-sensitive slh^er halide emulsion layer having associated therewith at least one cyan dye- 
forming coupler, a magenta dye image^onming unit comprising at least one greensensitive sliver halide emulsion layer 
having associated therewith at least one magenta dye-f onning coupler, and a yellow dye Image-fonming unit comprising 

99 at least one blue-sensitive silver halide emulsion layer having associated therewith at least one yellow dye-forming 
coupler. The element can contain additional layers, such as fitter layers, interlayers, overcoat layers, and subbing layers. 
[0031] if desired, the photographic element can be used in conjunctton with an applied magnetic layer as described 
in Research Disclosure, November 1 992, item 34390 published by Kenneth Mason Publications. Ltd., Dudley Annex, 
12a North Street, Emsworth, Hampshire P010 7DQ, ENGLAND, and as described In Hatsumi Kyoukai Koukai Gihou 

40 No. 94-6023, published March 15, 1 994, available from the Japanese Patent Offtee. When it Is desired to employ the 
inventive materials in a small format film, Research Disclosure. June 1 994, Item 36230, provides suitable embodiments. 
[0032] In the following discussion of suitable materials for use in the emulsions and elements of this Invention, ref- 
erence will be made to Research Disclosure, September 1996, Item 38957, available as described above, whteh is 
refenred to herein by the tenm "Research Disclosure". The contents of the Research Disclosure, including the patents 

49 and pubitoatlons of Sections hereafter referred to are Sections of the Research Disclosure. 

[OOSq Except as provided, the silver halide emulsion containing elements employed in this Invention can be either 
negative-woridng or positive-working as Indbated by the type of processing instructione (l.e. color negative, reversal, 
or direct poslthre processing) provided with the element. Suitable emulsions and their preparation as well as methods 
of chemteal and spectral sensitization ans described in Sections i through V. Vartous additives such as UV dyes, brfght- 

90 eners, antifoggants, stabilizers, light absorbing and scattering materials, and physical property modifying addenda 
such as hardeners, coating aids, plastk^izers, lubricants and matting agents are described, for example, In Sections 11 
and VI through VIM. Color materials are described In Sections X through XUl. Suitable methods for incorporating cou- 
plers and dyes, including dispersions in organte solvents, are described In Section X(E). Scan facilitating Is described 
In Section XIV. Supports, exposure, development systems, and processing methods and agents are descrik>ed in Sec- 

99 tions XV to XX. The information contained In the September 1994 Research Disclosure. Item No. 36544 referenced 
above, is updated in the September 1 996 Research Disclosure. Item No. 38957. Certain desirable photographic ele- 
ments and processing steps, including those useful In conju nctlon with cotor reflective prints, aiB described In Research 
Disciosure. Item 37038, February 1985. 
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[0034] Coupling-off gr ups are well known In the art. Such groups can determine the chemical quhralency of a 
coupler, i. ., whether It is a 2-equivalent or a 4-equivalent coupl r, or modify the reacth^ of the coupl r. Such groups 
can advantageously affect the layer In which the coupler Is coated, or other lay rs In the photographic recording ma- 
terial, by perfomnlng, after release from the coupler, functions such as dye formation, dye hue adjustment, developnnent 

5 acceleration or inhibition, bleach acceleration or Inhibition, electron transfer facilitation, and color correction. 

[0035] The presence of hydrogen at the coupling site provides a 4-equfvalent coupler, and the presence of another 
coupling-off group usually provides a 2-equlvalent coupler. Representative classes of such coupllng-ofr groups Include, 
for example, chloro, alkoxy, aryloxy, hetero-oxy, sulfonyloxy, acyloxy, acyl, heterocyclyl. sulfbnamldo, mercaptotetra- 
zoie, benzothlazoie, mercaptopropionic acid, phosphonyloxy, arylthio, and arytazo. These couplingoff groups are de- 

10 scribed in the art, for example, in U.S. Pat. Nos. 2,455.1 69, 3.227,551 , 3,432,521 , 3,476,563, 3,61 7^91 , 3,880,661 , 
4,052,212 and 4,134,766; and In UK. Patents and published applk»tlon Nos. 1,466,728, 1,531,927, 1,533,039, 
2,006,755A and 2.01 7,704A. 

[0036] image dye-forming couplers in addition to those useful in the invention may be included in the element such 

as couplers that form cyan dyes upon reaction with oxidized color developing agents which are described In such 
IB representative patents and publications as: "Farbkuppier-eine Literature Ubersteht." published In Agfia Mlttellungen, 

Band III, pp. 156-175 (1961) as well as In U.S. Patent Nos. 2,367,531; 2,423,730; 2,474.293; 2,772,162; 2;-895,826; 

3,002,836; 3,034,892; 3.041,236; 4,333.999; 4,746.602; 4.753.871; 4,770,988; 4,775.616; 4,818,667; 4.818,672; 

4,822,729; 4,839,267; 4.840.883; 4,849,328; 4,865.961; 4,873.183; 4,883,748; 4,900.656; 4,904,575; 4,916,051; 

4.921,783; 4.923,791; 4,950,685; 4,971,898; 4.990,436; 4,996,139; 5,008,180; 5,015.565; 5.011,765; 5.011,766; 
20 5,017,467; 6,046,442; 5,051,347; 5,061,613; 5.071.737; 5,076,207; 6,091,297; 5,094.938; 5,104.783; 5,178,993; 

5,813,729; 5.187,057; 5,192,651; 5,200,305 5,202,224; 5.206.130; 5,208,141; 5,210,011; 5,215,871; 5.223,386; 

5,227,287; 5,256.526; 5,258.270; 5.272.051; 6,306.610; 6,326,682; 6,366,866; 5,378,696; 6,380.638; 5.382,502; 

5,384,236; 5,397,691 ; 5,415,990; 5,434,034; 5,441 ,863; EPO 0 246 616; EPO 0 250 201 ; EPO 0 271 323; EPO 0 295 

632; EPO 0 307 927; EPO 0 333 1 85; EPO 0 378 898; EPO 0 389 817; EPO 0 487 111 ; EPO 0 488 248; EPO 0 539 
25 034; EPO 0 545 300; EPO 0 556 700; EPO 0 556 777; EPO 0 556 858; EPO 0 569 979; EPO 0 608 133; EPO 0 636 

936; EPO 0 651 286; EPO 0 690 344; Gemnan OLS 4.026,903; Genman OLS 3,624,777. and Gemnan Ol^ 3,823,049. 

Typically such couplers are phenols, naphthote, or pyrazoioazoies. 

[0037] Couplers that form magenta dyes upon reaction with oxidized color developing agent are described In such 
representative patents and publications as: "Farbkuppler-eine Literature Ubersbht," published In Agfa Mlttellungen, 

30 Band 111. pp. 126-166 (1961) as well as U.S. Patents 2,311,082 and 2,369,489; 2,343.701; 2.600,788; 2.908,573: 
3.062,653; 3.162.896; 3,519,429; 3.768,309; 3.935,015; 4,540.654; 4.746,052; 4,762,776; 4,791,052; 4,812,576; 
4,835,094; 4,840,877; 4.845,022; 4.853,319; 4,868,099; 4,865,960; 4,871,652; 4,876,182; 4,892,805; 4,900,657; 
4,910.124; 4,914,013; 4,921,968; 4,929,540; 4,933,465; 4,942,116; 4,942,117; 4,942,118; U.S. Patent 4,959.480; 
4,968.594; 4,988,614; 4.992,361; 5,002,864; 5,021,325; 5,066,575; 5,068,171; 5.071,739; 5,100.772; 5.110.942; 

35 5,116,990; 5,118,812; 5,134,059; 5,155,016; 5,183,728; 5,234.805; 5,235,058; 5,250,400; 5,254.446; 5,262,292: 
5,300,407; 5,302.496; 6.336.593; 6.360.667; 5,395.968; 5.354,826; 5,358,829; 5,368.998; 5.378.587; 5.409,808; 
5,411.841; 5.41 8. 123; 5,424. 179; EPO 0 267854; EPO 0284 240; EPO 0 341 204; EPO 347,235; EPO 365,252; EPO 
0 422 695; EPO 0 428 899; EPO 0 428 902; EPO 0 469 331 ; EPO 0 467 327; EPO 0 476 949; EPO 0 487 081 ; EPO 
0 489 333; EPO 0 612 304; EPO 0 516 128; EPO 0 634 703; EPO 0 664 778; EPO 0 558 145; EPO 0 571 959; EPO 

40 0 583 832; EPO 0 683 834; EPO 0 684 793; EPO 0 602 748; EPO 0 602 749; EPO 0 605 91 8; EPO 0 622 672; EPO 
0 622 673; EPO 0 629 912; EPO 0 646 841, EPO 0 656 561; EPO 0 660 177; EPO 0 686 872; WO 90/10253; WO 
92/09010; WO 92/10788; WO 92/12464; WO 93/01523; WO 93/02392; WO 93A)2393; WO 93A)7534; UK Application 
2,244,053; Japanese Application 03192-350; Gemnan OLS 3,624,103; Gemnan OLS 3,912,265; and Gemnan OLS 40 
08 067. Typically such couplere are pyrazolones, pyrazoioazoies, or pyrazolobenzlmldazoles that fbmn magenta dyes 

45 upon reaction with oxidized color developing agents. 

[0038] Couplers that fomn yellow dyes upon reaction with oxidized color developing agent are described in such 
representative patents and publications as: "Farbkuppler-elne Literature Uberslcht," published in Agfa Mlttellungen; 
Band ill; pp. 112-126 (1961); as well as U.S. Patent 2,298.443; 2,407,210; 2,875.057; 3.048,194; 3,266,606; 3.447.928; 
4.022,620; 4,443,536; 4.758.601; 4,791.060; 4.824,771; 4.824,773; 4.855,222; 4,978,605; 4,992.360; 4,994.361; 

50 5,021,333; 5,053,325; 5.066,674; 5,066.576; 5.100,773; 5.118,599; 5.143.823; 5,187,055; 5.190.848; 5.213.958; 
5,215,877; 5,215.878; 6.217,857; 5.219,716; 5,238,803; 5,283.166; 6.294,531; 5,306,609; 5,328,818; 5.336,591; 
5.338,654; 5,358,835; 5,358,838; 5,360,713; 5,362,617; 5,382,506; 5,389,504; 5,399,474;. 5.405.737; 5,411,848; 
5,427,898; EPO 0 327 976; EPO 0 296 793; EPO 0 365 282; EPO 0 379 309; EPO 0 415 375; EPO 0 437 818; EPO 
0 447 969; EPO 0 642 463; EPO 0 568 037; EPO 0 568 196; EPO 0 568 777; EPO 0 570 006; EPO 0 573 781; EPO 

55 0 608 956; EPO 0 608 957; and EPO 0 628 865. Such couplere are typically open chain ketomethylene compounds. 
[0039] Couplers that form colorless products upon reaction with oxidized color developing agent are described In 
such r presentative pat nts as: UK. 861 ,138; U.S. Pat Nos. 3,632.345; 3,928,041 ; 3,968,993 and 3,961 ,959. Typically 
such couplers are cyclic carb nyl containing compounds that form colorless pr ducts on reacti n with an xidizedcol r 
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developing agent 

[0040] Couplers that form black dyes upon reaction with oxidized color developing agent are described In such rep- 
r s ntativepat nts as US. Patent Nos. 1.839.231 ; 2.1 8 1,944; 2,333 J 06; and 4.1 26,461 ;GemrianOL8 No. 2,644,1 M 
and Geiman OLS No. 2.650,764. Typically, such couplers are resorcinols ormamlnophenols thatfomi black or neutral 
products on reaction with oxidized color developing agent. 

[0041] in addition to the foregoing, so-calied "univerBai" or "washout* couplers rnay be employed. These couplers 
do not contribute to Image dyeformatlon. Thus, for example, a naphthol having an unsubstltuted carbamoyl or one 
substituted with a tow molecular weight substituent at the 2- or 3- position may be emptoyed. Couplers of this type are 
described, for example, In U.S. Patent Nos. 5.026.628. 5.151 .343. and 5.234.800. 

[0042] It may be useful to use a combination of couplers any of which may contain known ballasts or coupllng-off 
groups such as those described In U.S. Patent 4.301,235; U.S. Patent 4.853.319 and U.S. Patent 4,351.897. The 
coupler may contain solubllizlng groups such as described In U.S. Patent 4,482,629. The coupler may also be ueed 
In association with "wrong" colored couplers (e.g. to adjust levels of interiayer conrectlon) and, in color negative appli- 
cations, with masking couplers such as those described In EP 213.490; Japanese Published Application 58-172,647; 
U.S. Patent Nos. 2.983,608; 4,070.191; and 4.273,861; Gemian Applications D£ 2.706,117 and OE 2.643,965; UK. 
Patent 1 ,530,272; and Japanese Application 58-113935. The masking couplers may be shifted or blocked. If desired. 
[0043] Typically, couplers are incorporated In a silver hallde emulsion layer In a mole ratio to silver of 0.05 to 1 .0 and 
generally 0.1 to 0.5. Usually the couplers are dispersed in a high-bolling organic solvent In a weight ratk> of solvent to 
coupler of 0.1 to 10.0 and typkially 0.1 to 2.0 although dispersions using no permanent coupler solvent are sometimes 
emptoyed. 

[0044] The Invention materials may be used In association with materials that release Photographteally Useful Groups 
(PUGS) that accelerate or otherwise modify the processing steps e.g. of bleaching or fixing to improve the quality of 
the image. Bleach accelerator releasing couplers such as those described In EP 1 93.389; EP 301 .477; U.S. 4.1 63.669; 
U.S. 4,865.956; and U.S. 4,923.784, may be useful. Also contemplated Is use of the compositions in association with 
nucleating agents, development accelerators ortheir precursors (UK Patent 2.097.140; UK. Patent 2.131 .1 88); electron 
transfer agents (U.S. 4.859.578; U.S. 4,912,025); antlfogging and anti color-mixing agents such as derivatives of hy- 
droqulnones, aminophenols, amines, gaiite acid; catechol; ascorbto acid; hydrazldes; sulfonamldophenols; and non 
color-forming couplers. 

[004S] The Invention materials may also be used In combination with fitter dye layere comprising colloidal silver soi 
or yeltow. cyan, and/or* magenta filter dyes, either as oll-in-water dispersions, iatex dispersions or as solid particle 
dispersions. Additionally, they may be used with "smearing" couplers (e.g. as described In U.S. 4,366,237; EP 96,570; 
U.S. 4,420,556; and U.S. 4,543.323.) Also, the compositions maybe blocked or coated In protected fonn as described, 
for example. In Japanese Appik^tlon 61/258.249 or U.S. 5.01 9.482. 

[0046] The Invention materials may further be used in combination with image-modifying compounds that release 
PUGS such as "Developer inhibitor-Releasing" compounds (DIR's). DIR's useful In conjunction with the compositions 
useful In the Invention are known in the art and examples are described in U.S. Patent Nos. 3.137.578; 3,148.022; 
3.148,062; 3,227.554; 3,384.657; 3,379.529; 3,615.606; 3,617.291; 3.620.746; 3.701.783; 3.733.201; 4,049,455; 
4,095,984; 4.126,459; 4,149,886; 4,150,228; 4.211,562; 4.248,962; 4.259,437; 4.362,878; 4,409.323; 4,477,563; 
4,782,012; 4,962,018; 4.500,634; 4,579,816; 4,607,004; 4,618,571; 4.678,739; 4,746,600; 4,746,601; 4,791,049; 
4.857.447; 4.865.959; 4.880,342; 4,886,736; 4.937,179; 4,946,767; 4,948,716; 4,952,485; 4,956.269; 4.959.299; 
4.966,835; 4.985.336 as well as in patent publications GB 1 .560.240; GB 2.007,662; GB 2,032.914; GB 2.099.167; 
DE 2.842,063, DE 2,937.127; DE 3,636.824; DE 3,644,416 as well as the following European Patent Publk»tions: 
272,573; 335,319; 336,411; 346. 899; 362. 870; 365,252; 365.346; 373,382; 376,212; 377.463; 378.236; 384,670; 
396.486; 401 ,612; 401 .613. 

[0047] Such compounds are also disclosed In "Developer-inhibitor-Releasing (DIR) Couplers for Color Photography, 
" C.R, Barr, J.R.Thirtle and P.W. Vlttum in Photographic Science and Engineering, Vol. 13. p. 174 (1969). Generally, 
the developer inhibitor-releasing (DIR) couplers include a coupler moiety and an inhibitor coupllng-off moiety (IN). The 
inhibitor-releasing couplers may be of the time-delayed type (DIAR couplers) which also Include a timing moiety or 
chemicai switch which produces a delayed release of inhibitor. Examples of typical Inhibitor moieties are: oxazoles, 
thiazoies. diazoles. triazoles, oxadlazoles. thiadlazoles, oxathlazoles, thiatriazoles, benzotriazoles, tetrazoles, benz- 
Imidazoles, Indazoles, Isolndazoies, mencaptotetrazoles, selenotetrazoies, mercaptobenzothiazoles, selenobenzothl- 
azoies. mercaptobenzoxazoles. selenobenzoxazoies. mercaptobenzlmldazoles. seienobenzlmidazoles, benzodla- 
zoies, mercaptooxazoles. mercaptothiadlazoies. mercaptothiazoies, mercaptotriazoles, nDercaptooxadiazoies. mer- 
captodlazoles, mercaptooxathiazoles. telleurotetrazoies or benzisodlazoles. In a preferred embodiment, the inhibitor 
moiety or group is selected Itom the foitowing formulas: 



27 



EP1 113 329A1 



5 



10 




15 wherein R| is seiected from the group consisting of straight and branched all<yl8 of from 1 to about 8 cartoon atoms, 
benzyl, phenyl, and a\koxy groups and such groups containing none, one or more than one such substituent; Rn is 
selected from R| and -SR|; R^ is a straight or branched ailcyl group of from 1 to about 5 carbon atoms and m is from 
1 to 3; and R|v is selected from the group consisting of hydrogen, halogens and alkoxy, phenyl and caibonamkto 
groups, -COORy and -NlHCOORv wherein Ry is selected from substituted and unsubstltuted alkyi and aryl gro^M. 

so [0048] Although It Is typical that the coupler moiety included In the developer Inhibitor-releasing coupler fonna an 
image dye corresponding to the layer in which It Is located, it may also form a different color as one associated with a 
different film layer. It may also be useful that the coupler moiety included in the developer inhibitor-releasing coupler 
forms colorless products and/or products that wash out of the photographic material during processing (so-called "uni- 
versal" couplers). 

^ [0049] A compound such as a coupler may release a PUG directly upon reaction of the compound during processing, 
or Indirectly through a timing or linking group. A timing group produces the time-delayed release of the PUG such 
groups using an Intramolecular nucleophilic substitution reaction (U.S. 4,248,962); groups utilizing an electron transfer 
reaction along a conjugated system (U.S. 4,409,323; 4,421,845; 4,861,701, Japanese Applications 57-188035; 
58-98728; 58-209736; 58-209738); groups that function as a coupler or reducing agent after the coupler reaction (U. 

30 s. 4,438,1 93; U.S. 4,61 8,571 ) and groups that combine the features describe above. It is typical that the timing group 
la of one of the formulae: 



40 




45 wherein IN Is the inhibitor moiety, Ryu is selected from the group consisting of nitro, cyano, alkylsulfonyl; sulfamoyt; 
and sulfonamide groups; a is 0 or 1 ; and is selected from the group consisting of substituted and unsubstltuted 
alkyI and phenyl groups. The oxygen atom of each timing group is bonded to the coupling-off position of the respective 
coupler moiety of the PIAR. 

[0050] The tMng or (Inking groups may also functton by electron transfer down an unconjugated chain; Unking 
50 groups are known In the art under various names. Often they have been referred to as groups capable of utilizing a 
hemiacetai or iminoketal cleavage reaction or as groups capable of utilizing a cleavage reaction due to ester hydrolysis 
such as U.S. 4.546,073. This electron transfer down an unconjugated chain typically results In a relatively fast decom- 
position and the production of carbon dioxide, formaldehyde, or other low molecular weight by-products. The groups 
are exemplified in EP 464,61 2, BP 523,451 , U.S. 4,146,396, Japanese Kokai 60-249148 and 60-249148. 
55 [0051] Suitable developer inhibitor-releasing couplers for use In the present Invention Include, but are not limited to, 
the following: 
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[0052] It is also contemplated that th concepts of the pres ntinv nti nmayb employed to obtain reflection color prints 
as d scrft)ed In Research Disclosure, November 1979. Item 18716, available from K nneth Mason Publications, Lid, 
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Dud! y Annex, 12a North Street, Ernswoith, Hampshire P0101 70Q, EngtarKf. Materials useful in th Invent! n may be 

coated n pH adjusted support as descrfbed In U.S. 4,917,994; on a support with reduced xygen p rmeabiltty (EP 

553.339); with epoxy solvents (EP 164.961); with nickel complex stabilizers (U.S. 4,346,165; U.S. 4,540,653 and U.S. 

4.906,559 for example); with ballasted chelating agents such as those In U.S. 4,994,359 to reduce sensitivity to polyvalent 
5 cations such as calcium; and with stain reducing compounds such as descritsed In U.S. 5,068,171 . Other compounds 

useful In combination with the Invention are disclosed in Japanese Published Applications described In Derwent Abstracts 

having accession numbers as follows: 90-072,629, 90-072.630; 90-072.631; 90-072.632; 90-072.633; 90-072.634; 

90-077,822; 90-078,229; 90-078,230; 90-079.336; 90-079.337; 90-079.338; 90-079,690; 90-079,691; 90-080.487; 

90-080.488; 90-080,489; 90-080,490; 90-080.491; 90-080,492; 90-080,494; 90-085.928; 90-086.669; 90-086,670; 
10 90-087,360; 90*087,361; 90*067,362; 90-087,363; 90-087,364; 90-088.097; 90-093,682; 90-093,663; 90-093,664; 

90-093,665; 90-093.666; 90-093,668; 90-094,055; 90-094,056; 90-1 03,409; 83-62,586; 83-09,959. 

[0053] Conventional radiation-sensitive silver hallde emulsions can be employed In the practice of this Invention. Such 

emulsions are illustrated by Research Disdosure, Item 38755, September 1 996, 1. Emulsion grains and their preparation. 

[0054] Especially useful In this invention are tabular grain silver hallde emulsions. Tabular grains are those having two 
t5 parallel major crystal faces and having an aspect ratio of at least 2. The term "aspect ratio" is the ratio of the equivalent 

circular diameter (ECD) of a grain major face divided by Its thickness (t). Tabular grain emulstons are those in which the 

tabular grains account for at least 50 percent (preferably at least 70 percent and opttmtUly at least 90 percent of the 

total grain projected area. Preferred tabular grain emulsions are those In whteh the average thickness of the tabular 

grains is less than 0.3 mfcrometer (preferably thin-that Is. less than 0.2 micrometer and most preferably ultrathin-lhat 
20 is, less than 0.07 micrometer). The major faces of the tabular grains can lie in either {111} or {1 00} crystal planes. The 

mean ECD of tabular grain emulsions rarely exceeds 10 micrometere and mora typbaliy is less than 5 mtorometars. 

[0055] In their most widely used form tabular grain emulsions are high bromide {111} tabular grain emulsk>ns. Such 

emulsions are illustrated by Kofron et al U.S. Patent 4,439,520, Wilgus et al U.S. Patent 4,434,226, Solberg et al U. 

S. Patent 4,433,048, Maskasky U.S. Patents 4,435,501,, 4,463,087 and 4,173,320, Daubendiek et al U.S. Patenta 
25 4.414.310 and 4,914,014, Sowlnski et al U.S. Patent 4.656,122, Piggin et al U.S. Patents 5,061 ,616 and 5,061,609, 

Tsaur et al U.S. Patents 5,147,771, '772, '773, 5,171 .659 and 5,252,463, Black et al 5,219,720 and 6,334,485, Oelton 

U.S. Patents 5,310.644, 5,372,927 and 5,460,934, Wen U.S. Patent 5,470,698, Fenton et al U.S. Patent 6,476,760, 

Eshelman et al U.S. Patents 5,612„175 and 5.614,359. and Infing et al U.S. Patent 5,667,954. 

[0056] Uttrathin high bromide {111} tabular grain emulsions are illustrated by Daubendiek et ai U.S. Patents 
ao 4.672.027. 4,693,964, 5,494.789, 5,503,971 and 5.576.168, Antoniades et al U.S. Patent 5.250.403. Olm etai U.S. 

Patent 5,503,970, Deaton et ai U.S. Patent 5,582,965, and Maskasky U.S. Patent 5.667,955. 

[0057] IHigh bromide {1 00} tabular grain emulsions are illustrated by Mignot U.S. Patents 4,386,156 and 5,386,1 56. 

[0058] High chloride {111} tabular grain emulsions are illustrated by Wey U.S. Patent 4,399.215. Way et al U.S. 

Patent 4.414,306, Maskasky U.S. Patents 4.400.463. 4.713.323, 5.061,617, 5,178,997, 5,183,732, 5.185,239, 
95 5.399.478 and 5.411,852, and Maskasky et al U.S. Patents 5,176.992 and 5,178,998. Ultrathin high chk>ride {111} 

tabular grain emulsions are illustrated by Maskasky U.S. Patents 5,271 .858 and 5,389,809. 

[0059] High chloride {100} tabular grain emulsions are Illustrated by Maskasky U.S. Patents 5.264,337. 5,292.632, 

5,275,930 and 5.399,477. House et al U.S. Patent 5,320.938, Brust et ai U.S. Patent 5,314,798. SzaJewsM et al U.S. 

Patent 5,356,764, Chang et al U.S. Patents 5,41 3,904 and 5.663,041 , Oyamada U.S. Patent 5.593.821 , Yamashlta et 
40 al U.S. Patents 5.641 .620 and 5,652.088. Saitou et al U.S. Patent 5,652.089, and Oyamada et al U.S. Patent 5,665.530. 

Uttrathin high chloride {1 00} tabular grain emulsions can be prepared by nucleation In the presence of Iodide, folk>wlng 

the teaching of House et ai and Chang et al. cited atxive. 

[0060] The emulsions can be surface-sensitive emulsions, i.e., emulsions that form latent images primarily on the 
surfaces of the silver hallde grains, or the emulsions can form internal latent Images predominantly in the interior of 

45 the sih/er hallde grains. The emulsions can be negative-working emulstons. such as surface-eenslthre emulsions or 
unfogged Internal latent image^ormlng emulsions, or direct-positive emulstons of the unfogged. Internal latent bnage- 
f orming type, which are positive-working when development is conducted with unlfomi light exposure or In tfie presence 
of a nucleating agent, lobular grain emulsions of the latter type are liiustrated by Evans et al. U.S. 4,504,570. 
[0061] Photographic elements can be exposed to actlnte radiation, typically In the visible region of the spectrum, to 

50 form a latent Image and can then be processed to form a visible dye image. Processing to form a visible dye image 
includes the step of contacting the element with a color developing agent to reduce developable silver hallde and 
oxidize ttie color developing agent Oxidized color developing agent In tum reacts with the coupler to yiekj a dye. If 
desired "Redox Amplification" as described In Research Disclosure XViiiB(5) may be used. 
[0062] With negative-working silver hallde, the processing step described above provides a negative Image. One 

55 type of such element, referred to as a color negative Aim, is designed for image capture. Speed (the sensitivity of the 
element to tow light condittona) Is usually crittoal to obtaining sufficient image in such elements. Such elementa are 
typically sihfer bromolodkle ernulsions coated n a transparent support and are soki |>ackaged with instructions to 
process in known color n gativ processes such as th Kodak C-41 process as described in Th British Journal of 
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Photography Annual of 1 988, pages 191-198. )f a color negative film element is to be subsequently employed to gen- 
rate a vfewabi projection print as for a motion picture, a process such as the Kodak ECN-2 process de8crft)ed in the 
H-24 Manual available from Eastman Kodak Co. may b employed to provide the color negative image on a transparent 
support. Color negative development times are typically 3* 15* or less and desirably 90 or even 60 seconds or less. 
5 [0063] The photographic element useful In the inventbn can be Incorporated into exposure structures Intended for 
repeated use or exposure structures intended for limited use, variously referred to by names such as 'single use 
cameras*. *iens with film", or "photosensitive material package units". 

[0064] Another type of color negative element is a color print Such an element is designed to receive an Image 
optically printed from an image capture color negative element A color print element may be provided on a reflective 

10 support for reflec^ve viewing (e .g. a snap shot) or on a transparent support for projection viewing as in a motion ptoture. 
Elements destined for color reflection prints are provided on a reflective support, typically paper, employ sliver chloride 
emulsions, and may be optically printed using the so-called negative-positive process where the element is exposed 
to light through a color negative film which has been processed as described above. The element Is sold packaged 
with Instructions to process using a color negative optical printing process, for example the Kodak RA-4 process, as 

15 generally described in PCT WO 87A)4534 or U.S. 4,975,357, to fonn a positive image. Color projection prints may be 
processed, for example, in accordance vtnth the Kodak ECP-2 process as described in the i-1-24 Manual. Color print 
development times are typically 90 seconds or less and desirably 45 or even 30 seconds or less. 
[0065] A reversal element Is capable of fomiing a positive image without optical printing. To provide a positive (or 
reversal) Image, the color development step Is preceded by development with a non-chromogenic developing agent 

so to develop exposed silver hallde, but not fomi dye, and followed by uniformly fogging the element to render une)q30sed 
silver haikle developable. Such reversal elements are typically sold packaged with instructions to process using acotor 
reversal process euch as the Kodak E-6 process as described in The British Journal of Photography Annual of 1988, 
page 1 94. Altemativeiy, a direct positive emulsion can be employed to obtain a positive Image. 
[0066] The above elements are typically sold with Instructions to process using the appropriate method such as the 

28 mentioned cotor negative (Kodak C-41), color print (Kodak RA-4), or reversal (Kodak E-6) prooeea. 
[0067] Preferredcolordeveloplng agents are p-phenylenedi^tnes such as: 

4-amlno-N , N-dlethytanlline hydrochk>ride, 
4-am')no-3Hmethyl-N,N-diethylaniline hydrochtoride, 
so 4-amino-3-methyl-N*ethyi-N-(2'methanesulfonamldoethyl)anlllne sesqulsulfate hydrate, 

4-amino-3-melhyl-N-ethy)-N-(2-hydroxyethyl)anlllne sulfate, 
4-amino-3-(2-methanesulfonamldoethyl)-N,N-diethytaniline hydrochloride, and 
4-anrilno-N-ethyl-N-(2-metiioxyethyl)-m-toluldlne dl-p4oluene sulfonic acM. 

35 [0068] Devek>pment is usually followed by the conventional steps of bleaching, fixing, or bleach-fixing, lo remove 
silver or silver hallde, washing, and dryfang 

[0069] A direct-view photographic elenient Is defined as one which yields a color Image that Is designed to be viewed 
directiy (1 ) by reflected tight, such as a photographic paper print, (2) by transmitted light, such as a display trarisparency, 
or (3) by projection, such as a color slide or a motk>n pkture print. These direct-view elements may be exposed and 

40 processed In a variety of ways. Forexample, paper prints, display transparencies, and motion picture prints are typically 
produced by optically printing an image from a color negative onto the direct-viewing element and processing though 
an appropriate negative-working photographk: process to give a positive color Image. Color slides may be produced 
in a similar manner but are more typically produced by exposing the film directiy in a camera and processing through 
a reversal color process or a direct positive process to give a positive color Image. The image may also be produced 

48 by alternative processes such as digital printing. 

[0070] Each of these types of photographic elements has Its own particular requirements for dye hue, but In general 
th^ all require cyan dyes that whose absorption bands are less deeply absorbing (that is, shifted away from the red 
end of the spectnjm) than color n^atlve films. This is because dyes in direct viewing elements are selected to have 
the best appearance when viewed by human eyes, whereas the dyes in cokir negative materials designed for optical 

50 printing are designed to best match the spectral sensitivities of the print materials. 

[0071] The compound useful in the Invention fs a coupler compound as described in the foregoing description of ^e 
photographic element The process of the invention Includes a method of forming an image in the described sihmr 
hallde element after the same has been exposed to light comprising contacting the exposed element with a cok>r 
developing compound such as a para phenylene diamine. 

88 

Synthesis Example: 

[0072] Th following is an xampi f h w coupl rs useful In th inventi n may b synth sized. 
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H2SO4/HNO3 




(2) 



H2/Ra-Ni 



1 



(4) H^, 



Ethyl acetate 

pyridine .ci 



(5) 

HCl I Methanol 

OB 

O 



(3) 






(7) 



Ethyl acetate 
pyridine p 



(6) 
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5- >Chloro'2-meth vl-6'n Itrobenzoxazole {Z) 

[0073] Cone ntrated sulfuric acid (ISOmL) was stirr d mechanicalty and coot d in an ice/water bath. To this was 
gradually added 5-chloro-2-methylbenzoxazole (1), (75g, 0.45 Moles), at such a rate that the temperature stayed at 

5 30*^0, over a 1 5-20 minute period. A solution of concentrated sulfuric acid (40mL), and concentrated nitric acid (32mL), 
was prepared and added drop by drop to the benzoxazole solution at such a rate that the temperature was maintained 
at approximately 20''C. When this acid solution had been added the cooling bath was removed and the mixture allowed 
to stir at room temperature for 1 hour At the end of this period the solution was carefully poured onto Ice with good 
stirring. Sufficient water was then added to get good mixing. The solid was filtered off, washed well %vith water followed 

fO by methanol and finally air dried. Yield 90.6g 

6- Amlno-5-Chloro-2-methv1benzoxazole O) 

[0074] Compound (2). (30g), was dissotved In tetrahydroluran (ISOmL), and Raney-Nickel whl^ had been pre- 
f 5 washed with water (x3) end tetrahydrofUran (x3), was added. The mixture was then hydrogenated at room temperature 
and SOpsi of hydrogen. The reaction is complete in approximately 1 .5 hours. After this period, the catalyst is filtered 
off and the solution concentrated under reduced pressure. The residue is triturated with heptane, cooled and the solid 
filtered off. Yield 22g. 

20 2-f (3-Pentadeeylphenynsulfonynbutanovi chloride. (4), 

[007i] 2-{(3-PentadecylphenyOsulfonyl]butanoic acid (84.6g, 0.193Mo}e) was suspended In ethyl acetate (700mL) 
to which was added dimethylformamide (0.5mL) and thionyi chloride (70mU 0.964Mole). The mbcturs was heated at 
70*C for 1 S hours, cooled, concentrated under reduced pressure, co-evaporated with ethyl acetate (2x100ml.) and 
25 the oil so obtained used as such In the next Step Of the reac^n sequence. 

Compound (SV 

[0076] 6-Amino-5-Chloro-2-methylbenzoxazole (3) , (32.0g, 0.1 75Mole) was dissolved in ethyl acetate (SOOmL) with 
30 dry pyridine (15.6mL, 0.1 93Mole). The 2-[(3-pentadecylphenyl}8ulfonyI]butanoyl chloride, (4), (0.193Mole) dlssoh^ed 
in ethyl acetate (200mL)was then added to the solution at a falriy fast drip rate over a 1 5 minute period while maintaining 
good stirring and Iceeplng the temperature below 30*C. At the end of the addition, the cooling bath was removed and 
the reaction mixture stirred at room temperature for an additional 15 minutes. The reaction mixture was then washed 
with 2N-HCI (3x200mL), dried (MgS04), filtered and concentrated to an oil. This oil was then taken on to the next step. 

Compound (6). 

[0077] Compound (5), (0.175Mole) was dissoWed In methanol (SOOmL) and concentrated hydrochloric acid (40mL) 
added. The mixture was heated to 70*C and after about 10 minutes complete dissolution of the Initially precipitated 
40 material was achieved. After 1 hour a further volume of concentrated hydrochloric add (20mL) was added toUowed by 
2 additional volumes (20mL each) at 30 minute Intervals. After the last volume had been added, the Solution was heated 
for 30 more minutes, cooled arid concentrated under reduced pressure until the product began to crystallize. Diethyl 
ether (1 .OL) was added and the mixture cooled ovemlght to O'^C. Fo ilowing morning the product was filtered off, washed 
with diethyl ether and air dried. Yield lOOg. 

45 

Inventive Coupler (\OZi. 

[007q Compound (6) (7.4g, 12.02mMole), was suspended in ethyl acetate (70mL), heated to 60^C with good atirrtng 
and dry pyridine (2.lmL, 26.44mL) added. After 10 minutes 2-hydroxy*&-methylbenzoyt chloride (7, R « 2-hydroxy- 

so S-methyl), (1 3.22mMole) in ethyl acetate (20mL) added drop by drop over a 15-20 minute period. Stirring at 60*C was 
continuedfor a further 1 5-30 minutes afterthe addition. The reaction mixture was then cooled, diluted with ethyl acetate 
washed with 2N-HCI(2xS0mL), dried (MgSO^), filtered and concentrated under reduced pressure. The residue was 
dissotved in ethyl acetate/methylene chloride/heptane (20:10:70), and subjected to 1iasl( chromatography eiuting with 
the same solvent mix, then changed to (30:1 0:60) to collect product. This material was re-chromatographed, this time 

53 eiuting with ethyl acetate/methylene chloride (5:45) and then finally (10:40) to oistain the product coupler, Inventive 
coupler (IC-2). Yield 3.1g. 
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Inventive Coupl r(IC-3). 

[0079] Compound (6) (7,Ag, 1 2.02mMole)» was suspended in ethyl acetat (70mL), heated to 60^C with good stirring 
and dry pyridine (2.1nnU 26.44mL) added. After 10 nnlnutes 2-methylbenzoyl chloride (7, R = 2-methyl), (2.04g, 
5 13.22mMole) In ethyl acetate (20mL) added drop by drop over a 15-20 minute period. Stirring at 60^C was continued 
for a further 1 5-30 minutes after the addition. The reaction mixture was then cooled, diluted with ethyl acetate washed 
with 2N-l-ICl(2x50mL), dried (MgS04), filtered and concentrated under reduced pressure. The residue was dissolved 
in 20% ethyl acetate/heptane, and subjected to flask chromatography eluting with the same solvent niix to remove 
Impurities, then changed to 25% ethyt acetate/heptane to collect product, Inventive Coupler (IC-d). Yield 6.5g. 

Inventive Coupler (IC-4). 

[0080] Compound (6) (7.4g, 1 2.02 mMole), was suspended in ethyl acetate (70 mL), heated to B0*C with good stirring 
and dry pyridine (2.1 mL, 26.44 mL) added. After 10 minutes 2-methoxybenzoyl chloride (7, R 2Hnethoxy), (2.04g, 
i9 1 3.22 mMoie) In ethyl acetate (20 mL) added drop by drop over a 1 5-20 minute period. Stining at 60*C was continued 
for a further 1 5-30 minutes after the addition. The reaction mbcture was then cooled, diluted with ethyl acetate washed 
with 2N-HCI (2 x 50 mL), dried (MgS04), filtered and concentrated under reduced pressure. The residue was dissolved 
In 20% ethyl acetate/heptane, and subjected to flask chromatography eluting with the same solvent mix to remove 
impurities, then changed to 25% ethyt acetate/heptane to collect product, Inventive Coupler (IC-4). Yield 7.3g. 

20 

Dye Property Examples 

[0081] Using procedures Icnown to those skilled in synthetic chemistry, such as described in J. Bailey, JCS PerWn 
1 , 1977, 2047, the dyes of the couplers in Table 1 below were prepared by coupling with 4-amine-3-methyl-N-ethyl»N- 
25 (2-methane-sutfonamidoethyi) aniline sesquisulfate hydrate, then purified by either crystallization or chromatographic 
techniques. 

[0082] A 3% w/v solution of dhn-butyl sebacate was made with ethyl acetate and from this solution a 3% solution of 
the dye was prepared. If the dye was insoluble, dissolution was achieved t>y the addltton of sonne methylene chtoride. 
The solution was filtered and 0.1-0.2mL was applied to a clear polyethylene-terephthalate support (approximately 4 
30 cm X 4 cm) and spun at 4,000 RPM using the Spin-Coating equipment. Model No. EC101, available from Headway 
Research Inc., Gariand TX. The transmission spectra of the so-prepared dye samples were then recorded. The trans- 
mission spectra of the same dye in acetonitrile was also measured. 

[0083] The values, "half bandwidth" (IHBW), and "left bandwidth" (LEW) values for each spectra are reported 
in Table 1 below. The wavelength of maximum absorption was recorded as the The half bandwidth (HBW) was 

S5 obtained by subtracting the wavelength at the point where the density Is half the value of the maximum density on the 
left side (short wavelength) of the absorption band from the wavelength at the point on the right side (long wavelength) 
of the absorption band where the density Is half the value of the maximum density. The left bandwidth (LBW) was 
obtained by subtracting the wavelength at the point on the left side (short wavelength) of the absorption band where 
the density Is half the value of the maximum density from the wavelength of maximum density. 

40 [0084] In solution, all of the dyes (invention and comparison) have similar LBW values ranging from 63-66nm. Upon 
spin-coating, the LBW values of the dyes useful in the invention, IC-1 -IC-14, are 21 - 32nm less than the LBW values 
of the same dyes In solution. The spin-coating LBW values for the dyes from comparison couplere CC-1 and CC-2 are 
different from the solution LBW values by only 1 nm, and by 5nm for CC-3. Therefore comparison couplere are not "NB 
couplere". 

45 

Table 1. 



Spin Coating (SC), and acetonitrile soiutton (Soln.) Data (nm) 


Dye 


\n«(Soln.) 


^(SC) 


HBW (Soln.) 


HBW (SC) 


LBW (Soln.) 


LBW(SC) 


Difference- LBW 
(Soln.) - LBW (SC) 


IC-1 


632 


618 


123 


87 


64 


39 


25 


IC-2 


633 


624 


124 


77 


65 


38 


27 


IC-3 


632 


616 


123 


76 


65 


35 


30 


IC-4 


631 


615 


124 


61 


65 


36 


29 


IC-6 


633 


621 


125 


75 


66 


37 


29 
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Table 1. (continuecl) 



so 



Spin Coating (SC), and acetonitriie solution (Soin.) Data (nm) 


Dye 


X„«,(Soln.) 




HBW(Soln.) 


HBW (SC) 


LBW(Soln.) 


I^W(SC) 


Difference LEW 

^oOin./ LOW (Owj 


IC-6 


627 


MR 


l£D 




Do 


OD 


0£ 


IC-7 


631 




123 






99 


oo 


IC-8 


632 


tHA 

oi4 


iZ4 


77 


DO 


OO 


3U 


lOO 


632 


D 14 


122 


o3 


AO 
DO 


35 








622 


122 


86 


63 


38 


25 




634 


606 


123 




64 


33 


31 


IC-12 


635 


618 


123 


78 


66 


37 


29 


IC-13 


634 


616 


123 


106 


64 


43 


21 


IC-14 


634 


617 


123 


77 


65 


36 


29 


CC-1 


628 


631 


121 


126 


63 


62 


1 


CC-2 


626 


634 


124 


126 


64 


63 


1 


CC-3 


632 


641 


123 


134 


65 


65 


0 


CC-4 


639 


650 


126 


133 


66 


65 


1 



25 

[0085] The comparieon couplers used were as follows. 



so 



CX>1 
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Photographic Example« 
Preparation f Ph tographic Elements 

[0086] On a gel-6ubbed. polyethylene-coated paper support were coated the following layers: 
First Layer 

[0087] An undeflayer containing 3^ grams gelatin per square nralor. 
Second Layer 

[0088] A photosensitive layer containing (per square meter) 2.15 grants gelatin, an amount of red-sensitized silver 
chloride emulsion containing the amount of silver (determined by the equivalency of the coupler) indicated in Table 2, 
3, or 4; a dispersion containing 8.61x10-^ mole of the coupler Indicated in Table 2, 3. or 4; and 0.043 gram surfactant 
Alkanol XC (trademaric of E. I. Dupont Co.)(in addition to the All(anol XC used to prepare the coupler dispersion). The 
coupler dispersion contained the coupler, all of the gelatin In the layer except that supplied by the emulsion, an amount 
of the coupler solvent indicated In Table 2, 3, or 4 equal to the weight of coupler, and 0.22 gram Alkanol XC. The UV 
absorber UV-1 , was added in an amount equal to 1 .5 molar equivalents of the Inventive coupler. 



[0089] A protective layer containing (per square meter) 1.40 grams gelatin, 0.15 gram bis(vinylsulfonyt)methane, 
0.043 gram Alkanol XC, and 4.40x10^ gram tetraethylammonium perfluorooctanesuifonate. 
[0090] The coupler solvents and components used were: 



Third Layer 



S-l 




8-2 



[00911 



CH3(CH2)7CH«CH(CH2)80H 



S-3 



o 
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UV-1 




[0092] The compaFBteon couplers used were: 

19 



so 



2S 



90 



99 



40 



49 




90 



99 



39 
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[0093] Comparis n couplers C-1 through 06 are closely related to the couplers of the present invention; they all 
contain sutfon ballasts, but they do not satisfy the structural requirements of the invention in other respects. Compar- 
ison coupler C-7 is similar to coupler I02 useful In the invention except that it has an oxyg natomr placing th suit nyl 
group in the ballast. Comparison coupler C-8 is a phenolic coupler not closely related to the couplers useful in the 
5 invention, but Is one included because it is currently used In many commercially available color photographic papers. 
C-9 and C-1 0 do not contain the specified Z" ortho substltuent arrangement. 

Preparation of Processed Photographic Examples 

10 [0094] Processed samples were prepared by exposing the coatings through a step wedge and processing as follows: 



Process Step 


Time (min.) 


Temp. (^C) 


Developer 


0.75 


35.0 


Bleach-Fix 


0.76 


35.0 


Water wash 


1.50 


35.0 



[0095] The processing solutions used In the above process had the following compositions (amounts per liter of 
solution): 

20 ■ \ 



40 



Developer 




Triethanoiamine 


12.41 g 


Blankophor REU (trademark of Mokiay Corp.) 


2.30 g 


Uthlum polystyrene sulfonate 


0.09 g 


N,N*Diethylhydroxyiamlne 


-4.59g 


Lithium sulfate 


2.70 g 


Developing agent Dev-1 


5.00 g 


l-iHydroxyethyl-l ,1 -diphosphonic acki 


0.48 g 


Potassium carbonate, anhydrous 


21.16 g 


Potassium chloride 


1.60 g 


Potassium bromide 


7.00 mg 


pH adjusted to 10.4 at ae.T'C 




Bleach-Fbc 




Solution of ammonium thtosulfate 


71.85g 


Ammonium sulfite 


5.10 g 


Sodium metabisulfite 


10.00 g 


Acetic add 


10.20 g 


Ammonium ferric ethylenediaminetetraacetate 


48.58 g 


Ethylenedlaminetetraacette acid 


3.86 g 


pH adjusted to 6.7 at 26.7*C 
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Dev-1 



[OOOq Th spectra of the resulting dyes were measured and normalized to a maximum abs rpti n f 1.00. The 
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wavelength of maximum absorption was recorded as the "Xp^." As a measure of the sharpness f the cun^e on th 
ieft (short wav length) side of the absorption band the "left bandwidth" (LBW) was obtained by subtracting the wave- 
length at th point on the left side of the absorption band where the normalized density is 0.50 from th X„,bx> ^ ^^^^ 
value of LBW Indicates a r ductlon In the unwanted green absorption and Is thus desirable. The X„„q( and LBW values 
are shown In Tables 2, 3 and 4. 



Table 2. 



Couplers Dispersed In Sohrent 8-1 


Comparison or Invention 


Coupler 


Solvent 


g Ag per 




LBWnm 


Comparison 


C-1 


S-1 


0.19 


649 


63 


Comparison 


C-2 


S-l 


0.19 


642 


77 


Comparison 


C-3 


S-1 


0.19 


683 


98 


Comparison 


04 


8-1 


0.19 


646 


83 


Comparison 


C^ 


S-1 


0.39 


665 


68 


Comparison 


C-6 


S-1 


0.39 


648 


65 


Comparison 


C-7 


S-1 


0.39 


641 


81 


Comparison 


C-8 


S-1 


0.19 


661 


80 


Invention 


IC-1 


S-1 


0.18 


631 


62 



Table 3. 



Couplers Dispersed In Solvent 8-2 


Comparison or Invention 


Coupler 


Solvent 


gAgperm^ 


^max 


LBW 


Comparison 


&3 


S-2 


0.19 


680 


90 


Comparison 


C-€ 


S-2 


0.19 


643 


78 


Invention 


IC-1 


S-2 


0.18 


623 


49 



Table 4. 

Couplers Dispersed in Solvent 8-3 



Comparison or Invention 


Coupler 


Solvent 


gAgperm^ 




LBW 


Comparison 


C-8 


S-3 


0.17 


656 


80 


Comparison 


C-9 


S-3 


0.16 


651 


84 


Comparison 


C-10 


S-3 


0.18 


840 


76 


invention 


tC-2 


S-3 


0.18 


630 


43 


Invention 


IC-d 


S-3 


0.18 


624 


51 


Invention 


IC-4 


S-3 


0.18 


623 


52 


Invention 


IC-7 


S^ 


0.18 


621 


57 


invention 


tC-8 


S-3 


0.19 


625 


63 


Invention 


lC-9 


S-3 


0.18 


627 


56 


invention 


IC-10 




0.18 


630 


58 


invention 


IC-11 


S-3 


0.18 


620 


57 


Invention 


iC-12 


S-3 


0.19 


628 


53 


Invention 


IC-13 


S-3 


0.18 


611 
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[0097] Th data In Tables 2 through 4 show that all of th cyanlmag couplers of the present Inv ntl nfonm Image 
dyes that are shifted hypsochromlcally and at the same time have spectra that are very sharp cutting on th short 
wav iength side of their absorption bands. Thes shaip-cutting absorption dye curves are indicated by the unusually 
smailer vaiues for the teft bandwidth (LBW) than those of the dyes from the comparison couplers. Thus the dyes from 
9 the couplers of our invention have less unwanted green and blue absorption than the dyes from the comparison cou- 
plers, resulting in superior color reproduction and high color saturation. Furthermore, this advantage is realized even 
when the couplers are dispersed in a wide variety of coupler solvents, indicating that the couplers of the present In- 
vention have great robustness. 

[009q There are further embodiments useful in the Invention as described abpve wherein 

10 

at least one of and represents the atoms necessary to complete a carbocycllc ring group; 
at least one of and represents the atoms necessary to form a pyridine ring group; 
the heterocyclic ring Is substituted with a member selected from the group consisting of acyl, acyloxy, alkenyl, 
a!l<yi, alt<oxy, aryl, arytoxy, carbamoyl, carbonamido, caiboxy, cyano, halogen, heterocyclic, hydroxy, nttro, oxycar* 
f5 bonyl, oxysulfonyl, sulfamoyi, sulfonamldo, sulfonyl, sulfoxide, thio, and ureido groups; 

the at least one heterocyclic ring is substituted with a member selected from the group consisting of halogen, alkyi, 
sulfonyl, sultemoyi and alkoxy; 

at least one carbocycllc ring Is sut>stituted with a member selected from the group consisting of acyl, acytoxy, 
alkenyl, alkyi, alkoxy, aryl, aryioxy, carbamoyl, carbonamido, carboxy, cyano, halogen, heterocyclic, hydroxy, nitro, 
20 oxysulfonyl, sulfamoyi, sulfonamldo, sulfonyl, sulfoxide, thio. and ureido groups; 

at least one Z* or Z" group is selected from the group consisting of alkyi, alkoxy, aryioxy, carboxy, nitro, sulfonyl, 
sulfamoyi. and halogen groups; 

at least one Z* or Z" group Is an alkyi group or an alkoxy group; 
m In fomiula (li) is at least 1 ; 

28 Y Is a coupling-off group bonded to the coupler by a heteroatom; 

Y Is selected from the group consisting aryioxy, alkoxy, arylthio, alkylthfo, and heterocyclic groups; 
is hydrogen and R2 is an alkyi group of 1-5 carbon atoms; 
is hydrogen and R2 is an ali^ group of 1-3 carbon atoms; 
R) is hydrogen and R2 is an alkyi group of 1-5 carbon atoms; 

30 in fonnula (111), at least one Z* Is selected from the group consisting of acyl, acyloxy, alkenyl, alkyi, alkoxy, aryl, 

aryioxy, carbamoyl, carbonamido, carboxy, cyano, halogen, heterocyclic, hydroxy, nitro, oxysulfonyl, sulfamoyi, 
sulfonamide, sulfonyl, sulfoxide, thio, and uroido groups, and at least one Z" Is selected from the group consisting 
of alkyi, alkoxy, aryl, aryioxy, oxycarbonyl, oxysulfonyl, sulfonyl, sulfoxkie, thio, sulfamoyi, sulfonamide, carbona- 
mido, ureido, cyano, hydroxyl, and halogen groups; 
'38' or at least one Z Is selected from the group consisting of alkyl, alkenyl, alkoxy, aryl, aryioxy, acyl, oxysulfonyl, 

acyloxy, oxycartsonyl, carboxy, sulfoxide, thio, sulfamoyi, sulfonamldo, sulfonyl, carbamoyl, carbonamkjo, ureklo, 
cyano, nitro, and halogen groups; 

In formula (2), at least one Z is selected from the group consisting of alkyl, alkoxy, carboxy, sulfonyl, sulfonamldo, 
and halogen groups or the coupler is represented by one of the following formulas: 

40 
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wherein Rs is hydrogen or a substituent; 



OH 




at least one Z" or Z" Is a perfluorlnated alkyl group; 
the element provided on a reflective support; 

the element packaged with instruction to process using a color negative print developing process; 
the element packaged with instructions to process using a color reversal developing process; 
the element that is a dtrect-vlew element; 

a photographic element comprising a light-sensitive sliver hallde emulsion layer having associated therewith 
coupler represented by f onnula (t): 




(0 



wherein : 

Y Is H or a coupllng-off group; 

each Z" and Z* is an independently selected substituent group where n is 1 to 4 and p Is 0 to 2; 
represents the at ms necessary to compt t a carbocyclte or heterocyclk: ring group; and 
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V is a sutf one or sulfoxide oontaining group; 

provided that the combined sum of the aliphatic carbon atoms (n V, all Z" and all Z* Is at least 8; 
provided f urth r that there is one and only on 2" substitu nt ortho to the carbonannldo group linkirig the 
ring to the rest of the coupler; and 

provided etiii further that when W2 forms a cart>ocyclic aromatic ring, at least one Z" is selected from the group 
consisting of ailcyl, alkoxy, hydroxy, aryl, aryloxy. oxysulfonyl, sulfoxide, sulfamoyi, thio. carbamoyl, cart)oxy, 
carbonamido, ureldo, cyano, nitro, and halogen groups. 

the coupler substltuentB are such that the wavelength of maximum spectral absorption of the dye, fomied by 
the coupler and the develop6r4-amino^-methyt-N-ethyl-N-(2-methan68ulfbnamidoethyl) aniline sesquisutfalB 
hydrate, is less than 650 nm; end 
the LBW is less than 70 nm. 



1. A photographic element comprising a light-sensitive sliver halide emulsion layer having associated therewith a 
cyan "NB coupler" having the formula (I): 



the term "NB coupler" represents a coupler of f omiula (I) that fonns a dye for which the left bandwidth (LBW) 
using spin-coating is at least 5nm less than that of the same dye In solution form; 

Y Is H or a coupling-off group; 

each Z" and Z* is an independently selected substttuent group where n is 1 to 4 and p Is 0 to 2; 
represents the atoms necessary to complete a carbocyclic or heterocyclic ring group; and 

V Is a sulfone or sulfoxide containing group; 

provided that the combined sum of the aliphatic carbon atoms in V, all Z" and all Z* is at least 6; 
provided further that there is one and only one 2* substituent ortho to the cart>onamldo group llnldng the 
ring to the rest of the coupler; and 

provided still further that when forms a carbocyclic aromatic ring, at least one Z" is selected from the groMp 
consisting of allcyl, alkoxy, hydroxy, aryl, aryloxy, oxycarbonyl, oxysulfonyl, sulfoxkle, sulfamoyi, thIo, car- 
bamoyl, carboxy, cart)onamkio, ureldo, cyano, nitro, and halogen groups. 

2. TTie element of claim 1 wherein the coupler is represented by formula (It): 



dalme 




wherein: 
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wherein : 

L is a linking group; 
bl8lor2; 

Wi represents the atoms necessary to complete a heterocyclic or cart)0(^ic ring group; 
each Z* is an independently selected substituent group where m is 0 to 4;. 

provided that the combined sum of the aliphatic carbon atoms in all Z, ail 7 and all Z* is at least 6. 
3. The element of claim 2 wherein the coupler is represented by fonnula (III): 




and Rg are independently H or an alicyi group of 1 to 5 cartion atoms; 
provided that the combined sum of the aliphatic cart>on atoms in Ri, H2, all Z*, all Z* arid all Z* Is at least 8. 

4. The element of claim 2 or 3 wherein and both Independently represent the atoms necessary to complete 
a phenyl ring group. 

5. The element of claim 2 or 3 wherein at least one of and Independently represente the atoms necessary to 
complete a heterocyclic ring group. 

6. The element of claim 5 wherein at least one of and represents the atoms necessary to complete a benz- 
Imldazolyl, benzoseienazolyt, benzothiazotyl* benzoxazotyl, chromonyl.furyt, imidazotyt, Indazotyt, indotyl, isoqui- 
noiyi, isothiazolyl, isoxazolyl, morpholinyl, oxadiazolyl, oxazolyl, plcolinyl, piperidlnyl, purinyl, pyradazlnyl, pyranyl, 
pyrazinyl, pyrazolyt, pyridyl, pyrlmldlnyl, pyrrolyl, pyrrotldlnyi, qulnaldinyi, qulnazolinyi, quinoiyi, quinoxalinyl, se- 
lenaz yl, tellurazolyl, tetrazoiyl, tetrahydrofuryl, thiadiazoiyi, thiamorpholinyl, thiatriazolyl, thlaz lyi, thienyt, thi- 
oph nyl. rtriazoiyl group. 
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7. The fement of claim 5 wherein or Independ ntfy represent the atoms necessary to complete a benzlmi- 
dazole, benzotrfazole, furan, imidazole, tndazol , indole, isoquinollne, purine, pyrazole, pyrfdlne, pyrlmidin , pyr* 
role, qutnoline. thiophene, 1 ^,3-trlazole, or 1 ,2,44riazole ring group. 

B 8. The element of claim 3 wherein or R2 is an alkyl group. 

9. The element of dafm 5 wherein the coupler Is represented tiy f omiuta (IV). 



10 
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20 




10. The element of claim 5 wherein the coupler Is represented by formula (V). 
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11 . The photographic element of claim 1 comprising a support bearing 

at least one red sensitive photographic silver halide emulsion le^r comprising at least one cyan Image dye- 
48 forming coupler of fomiula (I); 

at least one green sensitive photographic silver hallde emulsion layer comprising at least one magenta Image 
dye-fomning coupler; 

at least one blue sensitive photographic silver halide emulsion layer comprising at least one yellow Image dye- 
forming coupler. 

60 

12. A process for forming an image in an element as described in claim 1 after the element has been imagewise 
e)q308ed to light oornprlsing contacting the element with a color-developing compound 

13. A photographic coupler represented by formula 0): 

58 
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V— ( 




(0 

wherein : 

Y 18 H or a coupling-off group; 

each Z" and Z* Is an independently selected substituent group where n Is 1 to 4 and p Is 0 to 2; 

represents the atoms necessary to complete a carbocyclic or heterocyclic ring group; and 
V is a sulfone or sulfoxide containing group; 

provided that the combined sum of the aliphatic cart>on atoms in V, all Z" and all Z* Is at least 8; 
provided further that there is one and only one Z" substituent ortho to the carbonamido group iinidng the 
ring to the rest of the couplen and 

provided still further that when forms a carbocyclic aromatic ring, at least one Z" Is selected from the group 
consisting of alkyl, alkoxy. hydroxy, aryl, aryloxy, oxycarbonyl, oxysutfonyl, sulfoxide, sutfamoyi, thlo, car- 
bamoyl, carboxy, carbonamido, ureido, cyano, nitro, and halogen groups. 
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